using isogenic USA300Δ saeR/S and USA300Δ agr knockout strains, we also determined that SaeR/S is the major regulator of virulence factors, while Agr, a quorum-sensing two-component system, has moderate influence on transcription of the saeR/S targets under the tested physiological conditions.
Introduction
Staphylococcus aureus is a pathogen of major medical concern that can cause infections ranging from mild skin abscesses to necrotizing pneumonia and sepsis in immunocompromised and healthy individuals. It contributes to 12 million annual outpatient visits for skin and soft tissue infections and is the leading cause of infective endocarditis worldwide [1, 2] . The pathogen's success in hospital and community settings can be partially attributed to elaborate two-component gene-regulatory systems that tightly control expression of virulence and immunomodulatory factors in response to environmental stimuli. The SaeR/S system is recognized as a major regulator of S. aureus virulence and is required for successful establishment of skin and invasive infections as well as survival following human neutrophil phagocytosis [3] [4] [5] [6] .
Upon activation of the histidine kinase SaeS, the cytosolic response regulator SaeR promotes expression of genes with the SaeR binding site which include leukotoxins, hemolysins, adhesins and proteases that are responsible for saeR/S -mediated virulence [3] [4] [5] 7] . While expression of genes with the consensus SaeR binding site was shown to be dependent on the SaeR/S system in vitro, rot and arlR transcription was unaffected by the absence of saeR/S, suggesting that expression of genes with the SaeR binding site might be influenced by other regulatory networks and/or environmental conditions [3] . Furthermore, the SaeR/S system has 2 membrane proteins, SaeP and SaeQ, that most likely serve to negatively control the system's activity [8] . Despite the essential role of the SaeR/S system in evading innate immunity, the conditions under which SaeR/S becomes activated as well as the subsequent transcription of genes with SaeR binding sites have not been completely defined.
To this end, we designed QuantiGene 2.0 assays with S. aureus genes that contain the SaeR recognition sequence in the promoter region (referred to as saeR/S targets) and control targets that do not have the SaeR binding site (agrA, mecA and dltA) [3, 7] . Using this technique, we were able to measure gene expression changes in S. aureus during initial interactions with human and mouse neutrophils and host-derived peptides as well as during subcutaneous skin infection. We also began to elucidate the influence of the quorum-sensing gene regulator Agr on SaeR/S regulon expression, as agr controls the expression of a number of virulence factors, including those with SaeR binding sites, depending on the growth conditions [9] . By measuring transcript levels of saeR/S targets in saeR/S and agr isogenic mutants, we found that saeR/S is the predominant regulator of genes containing the SaeR binding domain while agr has a moderate impact on saeR/S target transcription during initial interactions with human neutrophils and in vivo during murine skin infection. Furthermore, we demonstrate that while saeR/S regulates expression of a number of virulence factors under physiologically relevant conditions, only a subset of these effectors is transcriptionally upregulated in the presence of neutrophils as well as α-defensin. Supporting this finding, we show that the mouse skin environment promotes transcription of specific saeR/S targets, differing from the expression profile elicited following neutrophil interaction or α-defensin, further emphasizing that activation of this two-component system and the subsequent downstream regulation are dependent on the stimuli sensed by S. aureus .
Materials and Methods

Bacterial Strains and Culture
Wild-type USA300 (LAC) was used to generate USA300Δ saeR/S, USA300Δ saeR/S +Comp (complemented with a plasmid encoding saeR and saeS ) and USA300Δ agr (isogenic knockout of agrBDCA ), as previously described [3, 4, 10] . Bacteria used in the studies were cultured in tryptic soy broth with 0.5% glucose and harvested at midexponential growth phase (optical density at 600 nm = 1.5) [11] .
Neutrophil and Purified Peptide Assays
Human neutrophils (polymorphonuclear leukocytes, PMNs) were isolated from heparinized venous blood of healthy donors in accordance with a protocol approved by the Institutional Review Board for Human Subjects at Montana State University. All donors provided written consent to participate in the study. Erythrocytes were removed by dextran sedimentation, and PMNs were separated from peripheral blood mononuclear cells using Histopaque-1077 ® (Sigma Aldrich) followed by water lysis of remaining erythrocytes under endotoxin-free conditions (<25.0 pg/ml) as described elsewhere [11] . Bone marrow-derived mouse neutrophils were isolated from BALB/c mice using a Percoll gradient and resuspended in RPMI plus 5 m M HEPES media [12] . PMN phagocytosis was synchronized by centrifuging PMNs and bacteria at 380 g for 8 min at 4 ° C [11] . For activation assays with host-derived components, USA300 [5 × 10 7 colony-forming units (CFUs)] was treated with water or a sublethal dose (confirmed by CFU assays) of either human α-defensin (HNP-1, Millipore), β-defensin (hBD-3, AnaSpec), LL-37 (AnaSpec) or dermcidin (DCD, AnaSpec), all resuspended in water and tested at 0.48 μ M , apart from H 2 O 2 , which was tested at 0.55 m M (AMRESCO). Strains were incubated at 37 ° C with shaking (250 rpm) for 10 and 30 min (as indicated). The control experiment with lethal doses (determined using CFU assays) was performed by exposing USA300 to α-defensin (4.8 μ M ) or LL-37 (9.6 μ M ) for 30 min. At designated time points, samples were lysed with RLT-β-mercaptoethanol buffer and homogenized using FastPrep, and S. aureus RNA was isolated using the RNeasy method (Qiagen) [11, 13] .
Mouse Studies
Mouse studies performed for this investigation conformed to the NIH guidelines and were approved by the Institutional Animal Care and Use Committee at Montana State University. Crl:SKH1-hrBR mice (Charles River) were inoculated subcutaneously with 2 × 10 7 CFUs of USA300, USA300Δ saeR/S or USA300Δ agr in 50 μl of PBS [3, 14] . Eight hours after infection, mice were sacrificed, and skin biopsies were harvested with a 9-mm punch, homogenized and centrifuged. The supernatants were removed, the remaining bacteria pellets were lysed with RLT-β-mercaptoethanol buffer (Qiagen), and S. aureus RNA was harvested as described above [11, 13] .
QuantiGene 2.0 Assays QuantiGene 2.0 assays (Affymetrix) were performed on 2 biological replicates of the aforementioned experiments [15] . In brief, purified RNA samples were captured by microsphere beads unique to each gene of interest and hybridized overnight to target-specific DNA probes with biotinylated sites, which were recognized by addition of streptavidin-conjugated R-phycoerythrin. The amplified signal was detected together with the capture bead specific to each gene of interest using a Luminex flow cytometer (BioRad).
Quality control of QuantiGene 2.0 was assessed in preliminary experiments using varied doses of RNA to determine the optimum amount of RNA for subsequent assays. Each S. aureus RNA sample (50-100 ng) was assayed in duplicate, and transcript abundance of 15 genes with the SaeR recognition sequence and 3 genes (agrA , mecA and dltA) without the SaeR binding site was detected as the mean fluorescent signal normalized to gyrB expression levels. This endogenous control was constitutively expressed in S. aureus under the tested conditions. Changes in S. aureus gene expression in response to host stimuli were determined by comparing transcript levels in S. aureus strain(s) treated with the described stimulus to those in the same strain grown in media (time-matched) ( fig. 1, 2) . To define the influence of saeR/S and agr on gene expression, transcript levels in the wild-type strain treated with the relevant host component were compared to gene expression in mutant strains exposed to the same stimulus ( fig. 3, 5 ). Samples that consisted of host RNA alone demonstrated that the probes were S. aureus RNA specific (data not shown). QuantiGene 2.0 results were confirmed using TaqMan quantitative RT-PCR (qRT-PCR) as previously described [3, 11] , demonstrating that this assay is a suitable alternative to global gene expression assessment methods.
Results
A Subset of saeR/S-Regulated Genes Is Activated during Early Human Neutrophil Interactions
While promoter activity and transcript levels of saeR/S have been shown to be affected by PMN phagocytosis, individual PMN components and pH changes [9, 11, 16, 17] , the effect of host-derived components on saeR/S targets has not been completely defined. To this end, we employed QuantiGene 2.0 assays to measure expression changes of 15 genes with the SaeR binding site [3, 7] in a USA300 wild-type strain (LAC) during initial interactions with human neutrophils ( fig. 1 a) . By comparing transcript levels in neutrophil-treated USA300 to those in USA300 grown in media, we identified targets that were immediately activated and thus may be essential to successful initiation of infection by S. aureus. Five and 10 min after interaction, transcription of a specific subset of genes, namely hlgA , hlgB , hlgC (γ-hemolysins), lukA (leukotoxin A/B or G/H) and sbi (immunoglobulinbinding protein), was strongly upregulated in USA300 ( To confirm the validity of the QuantiGene 2.0 assay, we used TaqMan qRT-PCR to measure changes in the gene expression of USA300 in the presence of neutrophils. In congruence with the QuantiGene 2.0 data, after 10 min, lukA transcript was upregulated while lukF-PVL and hla expression did not change significantly ( fig. 1 b) . Together, these findings suggest that only a subset of saeR/Sregulated genes is transcriptionally activated during initial interactions with human neutrophils.
Specific Host Stimuli Promote Transcription of saeR/S-Regulated Genes
Unlike LL-37, which does not promote activation of the sae promoter, α-defensin and H 2 O 2 have been shown to increase saeR/S transcript levels [16] . However, the effect of neutrophil-derived components on saeR/S-regulated genes has not been completely defined. To address this, we treated USA300 with α-defensin, LL-37 and H 2 O 2 for 10 min and investigated changes in transcript levels of saeR/S targets. Human α-defensin had the most robust effect on saeR/S targets, relatively similar to that of USA300 treated with neutrophils ( fig. 1 a; online suppl. table 1). Expression of γ-hemolysins (hlgA, hlgB, hlgC), leukotoxin AB/GH (lukA) and genes of the SaeR/S system was increased, while changes in expression of the remaining target genes were minimal. Despite their antimicrobial properties, LL-37 and H 2 O 2 had no effect on transcript abundance of saeR/S targets ( fig. 1 a; online suppl. table 1).
We next wanted to determine whether peptide-mediated killing could promote transcription of saeR/S targets to test if cell death is a prominent activator of the SaeR/S system. We measured expression of saeR/S targets in S. aureus subjected to a lethal dose of α-defensin or LL-37 for 30 min. Even at a higher dosage, LL-37 did not elicit a transcriptional change in saeR/ S targets, while α-defensin triggered a similar response to that of the sublethal dose (data not shown), suggesting that the transcriptional activation of saeR/S targets noted in our studies is due to specific host-derived components as opposed to any antimicrobial insult.
While the expression profiles of saeR/S targets were similar between neutrophil-and α-defensin-treated groups ( fig. 1 a) , the difference in the magnitude of expression suggested that α-defensin might contribute only partially to activating saeR/S targets in USA300 following neutrophil interaction. To address this, we examined gene expression in saeR/S targets after 30-min exposure to purified human α-defensin, human neutrophils and bone marrow-derived mouse neutrophils that do not produce α-defensins [18] ( fig. 2 a, b ; online suppl. ( fig 2 a) . Also, lukF-PVL was only upregulated in the presence of α-defensin and human neutrophils, while α-hemolysin (hla) and immunoglobulin-binding protein (sbi) were increased due to α-defensin and mouse PMNs, further highlighting the dependence of saeR/S target expression on the external environment ( fig. 2 a) . We next compared the magnitude of responses among the 3 treatment groups and found that hlgABC transcript levels were the highest in the mouse neutrophil-treated group, while α-defensin promoted strong transcription of lukA and sbi when compared to transcript levels in USA300 treated with human or mouse neutrophils ( fig. 2 b) . In addition, expression of saeR, saeS and saeP was above the limit of detection in USA300 treated with human neutrophils. To confirm that the regulatory system becomes activated by human neutrophils at 30 min, as reported previously [11] , we employed TaqMan qRT-PCR to measure saeR levels under the same conditions (data not shown). Transcript levels of saeR were increased 10-fold, demonstrating that human neutrophils promote SaeR/S activation 30 min after interaction. These findings suggest that the downstream activation of saeR/S targets is independent of saeR transcript levels and specific to the host-derived signal. saeR/S -dependent under physiologically relevant conditions. We addressed this by investigating gene expression in USA300Δ saeR/S and USA300Δ agr, following early interaction with human neutrophils. USA300Δ agr was included because previous studies have shown agr to have an influence on expression of saeR/S targets [9] . By comparing transcript levels of USA300 to those in the mutant strains in the presence of neutrophils, we identified that genes triggered in USA300 (hlgA , hlgB , hlgC , lukA and sbi) were abolished in USA300Δ saeR/S ( fig. 3 ) . Although expression of saeP, hla, lukF-PVL and splA was not upregulated in USA300 treated with neutrophils ( fig. 1 a) , their transcript levels were substantially downregulated in USA300Δ saeR/S ( fig. 3 ) . In contrast, expression of rot and arlR was similar in USA300 and USA300Δ saeR/S, suggesting that these targets are not solely regulated by saeR/S under the conditions tested, an observation supported by in vitro studies ( fig. 3 ) [3] . By assessing the fold change between USA300 and USA300Δ agr gene expression in response to neutrophils, we found that transcription of hlgA, hlgB, hlgC, lukF-PVL and splA was slightly reduced in the absence of agr ( fig. 3 ) . Furthermore, to confirm that the noted changes were specific to saeR/S, we also assessed gene expression during neutrophil interaction using a USA300Δ saeR/S strain complemented with a plasmid containing saeR/S (online suppl. fig. 1 ). Complementation restored the wild-type gene expression levels, confirming that transcriptional changes in response to neutrophils are saeR/S-mediated (online suppl. fig. 1 ) . These findings suggest that while the SaeR/S system is the major regulator of the relevant genes, Agr has moderate influence over saeR/S -regulated gene expression in the presence of human neutrophils. 
saeR/S Targets Are Activated following Murine Skin Infection
Next, we expanded on the aforementioned findings by investigating expression of saeR/S -regulated genes in vivo . Since saeR/S and agr are essential to successful initiation of S. aureus skin infection [3, 19, 20] , we hypothesized that the skin environment will activate saeR/S targets. To this end, we isolated S. aureus RNA from skin abscesses of mice 8 h following infection with USA300, USA300Δ saeR/S or USA300Δ agr and measured gene expression using the QuantiGene 2.0 assay. To assess changes in saeR/S target expression elicited by the skin environment, we compared gene transcription in S. aureus strains from the abscess to transcript levels in corresponding strains at midexponential growth, representing the initial inoculum. With the exception of sbi, saeR/S targets hlgA, hlgB, hlgC and lukA, previously shown to be activated by mouse neutrophils ( fig. 2 a, b) , were also highly expressed in USA300 and USA300Δ agr but abolished in the USA300Δ saeR/S strain ( fig. 4 a; online suppl. table 3). On the other hand, only the skin environment triggered robust transcription (fold change in parentheses) of hla (6.4) , splA (7.65) and ssl7 (3.95) in USA300 ( fig. 4 b; online suppl. table 3) when compared to mouse neutrophil-induced expression of hla (1.52), splA (2.43) and ssl7 (1.16) ( fig. 2 a, b ; online suppl. table 2), further emphasizing that the specificity of the transcriptional response in S. aureus is dependent on the external environment. Our results also confirm previous studies that showed the saeR/S mutant to have increased levels of mecA expression, which are likely due to an indirect effect since mecA does not have the SaeR binding site [3] .
In order to determine the influence of saeR/S and agr on expression of the relevant targets, we compared transcript levels of the wild type to those in the mutant strains 8 h after skin infection. Genes that were downregulated in USA300Δ saeR/S during neutrophil interaction ( fig. 3 ) were also substantially repressed in USA300Δ saeR/S in the skin, and lukF-PVL and splA were downregulated in USA300Δ agr ( fig. 5 ) . Surprisingly, hlgA, hlgB, hlgC and ssl7, which were repressed in the presence of neutrophils in USA300Δ agr ( fig. 3 ) , were upregulated during skin infection ( fig. 5 ). While higher transcript levels of the virulence factors in USA300Δ agr were unexpected, they correlate with increased expression of saeR/S in the USA300Δ agr strain during skin infection ( fig. 5 ). Additionally, increased transcription of agrA in the saeR/S mutant during skin infection implies that saeR/S and agr might compensate for each other's absence to promote transcription of essential virulence factors ( fig. 5 ).
Discussion
The ability of S. aureus to evade neutrophils as well as establish invasive and skin infections has been linked to the two-component system SaeR/S that regulates expression of virulence factors and immunomodulatory proteins [3-5, 7, 20] . In this investigation, we studied physiological triggers of SaeR/S and how host stimuli affect saeR/S-regulated gene expression. We found that a robust transcriptional response of genes with the SaeR binding site in USA300 takes place as early as 5 min after human neutrophil interaction. The immediate activation of the specific saeR/ S targets hlgA, hlgB, hlgC, lukA and sbi in response to human PMNs suggests that these effectors might be required for initiation of infection in humans. Our findings correspond with previous reports that showed hlgABC, lukAB/lukGH and sbi promote neutrophil cell death and/ or S. aureus survival during neutrophil phagocytosis [21] [22] [23] [24] . Lack of pronounced transcription of hla during early neutrophil interaction also coincides with studies that demonstrated Hla does not promote cell death of human neutrophils; however, this toxin plays an important role in targeting lymphocyte populations [25] . Given that the SaeR/S system promotes PMN damage and is required for S. aureus survival following phagocytosis [4] , our findings imply that saeR/S activation triggers a PMN-specific transcriptional response facilitating upregulation of virulence factors essential to evade neutrophil killing. This idea is supported by the observation that not all genes containing the SaeR binding site were activated in response to neutrophils even though their transcription is dependent on the SaeR/S system [3, 7] . While the quorum system Agr had influence over several saeR/S targets, its impact on expression of the virulence factors during early interaction with the neutrophils was not as robust. This finding was expected as transcription of agr is not stimulated by the neutrophil environment at the multiplicities of infection tested [ 11 ; this study] and is not essential to USA300 survival during PMN interaction [10] . Collectively, these findings highlight the specificity of the saeR/S -mediated transcriptional response to neutrophils. Another goal of our study was to define expression of saeR/S targets during the initial interactions with neutrophil-derived components. We found that human α-defensin elicited transcriptional changes of saeR/S targets 10 and 30 min after treatment, in accordance with previous reports [8, 16, 17] . While we cannot rule out that α-defensin-mediated cell membrane disruption promotes activation of SaeS, especially since antimicrobial peptides elicit cell damage through various mechanisms [26] , LL-37 did not activate saeR/S at sublethal nor at lethal concentrations. This further emphasizes that SaeR/S activation is dependent on particular stimuli as opposed to any type of microbial damage. α-Defensin, contained within primary azurophilic granules of the human PMN, has been suggested to be the molecular trigger of SaeR/S [8, 16, 17] ; however, the expression profile elicited by α-defensin was relatively different in magnitude from that of the human neutrophil. Fig. 4 . The skin environment promotes saeR/S target transcription. QuantiGene 2.0 assays were used to assess transcript levels of the genes shown in skin abscesses 8 h after subcutaneous inoculation with USA300, USA300Δ saeR/S or USA300Δ agr. a Genes previously shown to be activated by other stimuli ( fig. 1, 2) . b Additional targets activated by the skin environment. Transcript levels were normalized to gyrB and calibrated to those from corresponding S. aureus strains at midexponential growth phase. Data are reported as the mean fold change of 2 separate experiments with 2 mice per group (values shown in online suppl. Fig. 5 . USA300 genes regulated by saeR/S and agr during subcutaneous skin infection. The mean fold change of 2 separate experiments, described in figure 4 , was calculated by comparing gyrBcalibrated transcript levels in wild-type USA300 to those in USA300Δ saeR/S and USA300Δ agr 8 h after inoculation. ULD = Under the limit of detection. Blue and yellow depict genes regulated by saeR/S and agr, respectively, and genes influenced by both systems are shaded green.
This observation prompted us to determine whether neutrophils had to contain α-defensin to promote saeR/S target activation by exposing S. aureus to mouse neutrophils. We chose mouse PMNs because they are similar in function to the human neutrophil but do not contain α-defensin [18] . Surprisingly, mouse PMNs upregulated transcription of saeR/S targets even more robustly than human neutrophils. Based on these observations, we propose that while α-defensin is an essential activator of the SaeR/S system, there are other neutrophil-derived components and processes such as phagocytosis, reactive oxygen species production and/or degranulation that might promote transcription of saeR/S targets. Next, we wanted to define transcript changes of saeR/S targets in vivo. As expected, the skin environment promoted a robust transcription of saeR/S targets with γ-hemolysins and leukotoxin AB/GH transcript levels being substantially high 8 h after inoculation. Interestingly, lukAB and hlgABC have been shown to be dispensable for abscess formation during skin infection in rabbits and mice, respectively [27, 28] . This could be due to the redundancy of various toxins produced by S. aureus that might compensate for the lack of HlgABC or LukAB/GH. It remains to be determined whether these toxins play a role in modulating immune responses that could be important for the progression of infection.
The specificity of the saeR/S -mediated response during skin infection was further highlighted by increased expression of α-hemolysin transcript, which is essential to dermonecrosis formation [19, 27] . Given that skin abscesses are composed of various cell types, including lymphocytes that are susceptible to Hla, our results suggest there are additional skin-derived triggers of the SaeR/S system. To begin to address this, we measured mRNA levels of saeR/S targets following exposure to skin-derived peptides β-defensin and dermicidin; however, neither of the stimuli promoted SaeR/S activation (data not shown). While the infiltrated neutrophils at the site of infection and the long exposure to the skin environment likely contribute to the observed expression profile, future investigations are needed to identify triggers of the SaeR/S system in the skin.
To confirm the impact of SaeR/S on gene expression in vivo, we examined saeR/S target expression in USA300Δ saeR/S and USA300Δ agr. As in the case of human neutrophils, expression of the majority of the genes with the SaeR binding site was dependent on the SaeR/S system during skin infection. Although deletion of agr results in reduced pathogenesis of S. aureus in the skin [20, 29] , the transcript levels of several virulence factors, including α-hemolysin, which contributes to dermonecrosis, were either equal or substantially higher in the agr mutant when compared to the wild-type strain. This discrepancy can be explained by the role of Agr in posttranscriptional regulation of toxins such as α-hemolysin which translation is dependent on agr [30] . Furthermore, genes that were upregulated in the agr mutant in the skin were downregulated in the same mutant during neutrophil interaction. The biphasic regulation could be due to a variety of factors including the difference in external stimuli, bacteria growth phase and/or timing (10 min with neutrophils vs. 8 h in the skin). These findings further underscore that regulation of transcription mediated by two-component systems is complex and highly specific to the environment sensed by S. aureus.
The finding that only select saeR/S -regulated genes, as opposed to all targets with the SaeR recognition sequence, were transcriptionally upregulated in response to saeR/Sactivating stimuli was unexpected. We suggest that differential activation of saeR/S targets is dependent on specific stimuli, most likely in concert with other regulatory systems, RNA decay mechanisms [31] and/or transcription factors such as negative regulator of toxins, which has been shown to repress saeR/S -regulated genes [32] . In addition, the temporal expression of targets such as lukA and sbi, which declined over the 30-min exposure to human neutrophils, as opposed to hlgABC mRNA levels that increased over time, suggests that the transcription kinetics of saeR/S targets is important and should be investigated in respect to S. aureus pathogenesis. Finally, previous studies proposed that the availability of phosphorylated SaeR (SaeR-P) and arrangement of the SaeR binding sites influence the differential regulation of the saeR/S targets [33, 34] . While some genes might require low levels of SaeR-P to be transcriptionally active, others will be activated in the presence of high SaeR-P concentrations [33] . Since transcript levels of saeR/S do not correlate with the robustness of the downstream gene expression [ 33 ; this study], it is likely that SaeR-P levels might dictate the magnitude of the gene transcription downstream of the SaeR/S system. Thus, future studies are needed to determine the effect of external stimuli on SaeR-P levels along with the influence of differences within the SaeR binding site sequence on differential transcription of saeR/S targets.
To our knowledge, this is the first study to identify genes that are regulated by saeR/S and agr under physiologically relevant conditions and determine the effects of host-derived stimuli including skin on saeR/S target gene expression. Our findings suggest that the SaeR/S system is a major regulator of virulence factors in the initial stages of S. aureus interaction with the innate immune system, while the Agr system has a partial influence on saeR/S target expression. Given that SaeR/S is required for successful establishment of skin and invasive S. aureus infections, subsequent studies are necessary to determine which of the saeR/S targets are responsible for saeR/S -mediated pathogenesis. Moreover, with the recent findings that the WalKR system potentially influences SaeR/S activity [35] , future analyses will include the contribution of additional regulatory networks to gene expression of saeR/S targets.
Collectively, our findings provide insight into gene regulation in S. aureus and highlight the importance of examining downstream events of gene-regulatory systems upon their stimulation. To that end, we hypothesize that activation of SaeR targets depends on the stimulus and that only specific subsets of genes respond on a transcriptional level, depending on the environment ( fig. 6 ). This viable strategy allows the pathogen to tailor its response by expending energy only on factors necessary to survive the pending host challenge. 
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